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ABSTRACT 

The writer attended a review of planetary orbital 
imaging support requirements given by the Illinois Institute 
of Technology at NASA - Ames on April 4, 1968. The study is 
limited in scope to imaging sensors, and it does not intend 
to propose integrated scientific payloads f o r  specific missions. 
The major areas of attention are scientific exploration objec- 
tives, measurement definitions, imaging systems, and orbital 
constraints. 

The study would benefit greatly if backup material 
and references for choices of parameters were given, so  that 
the mission planner could follow the study and weigh its argu- 
ments. Indeed, it is suggested that the study be extended 
both in its scientific and mission planning scope, so as to 
be useful to NASA. 
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

The I l l i n o i s  I n s t i t u t e  of Technology Research  I n s t i t u t e ,  
Chicago, p r e s e n t e d  t h e  review o f  t h e i r  o r b i t i n g  s e n s o r  s t u d y  on 
A p r i l  4, 1968, a t  N A S A - A m e s ,  C a l i f o r n i a .  The purpose  o f  t h e  
p r o j e c t  i s  t o  e s t i m a t e  t h e  s c i e n t i f i c  s u p p o r t  r equ i r emen t s  f o r  
imaging s e n s o r s  on s p a c e c r a f t  to be  o r b i t e d  around t h e  Moon, 
Mars, Venus, Mercury and J u p i t e r  i n  t h e  1975-1995 t ime frame. 

The s t u d y  i s  l i m i t e d  i n  i t s  o b j e c t i v e s  i n  s e v e r a l  ways.  
F i r s t ,  imaging s e n s o r s  were chosen because  i t  i s  b e l i e v e d  t h a t  
t h e y  c o n t r o l  t h e  s u p p o r t  requi rements  o f  s e n s o r  pay loads .  Sec- 
ond, t h e  s t u d y  estimates suppor t  subsystems r equ i r emen t s  and 
does n o t  a t t e m p t  to propose integrated s c i e n t i f i c  pay loads  f o r  
s p e c i f i c  mis s ions .  Th i rd ,  t h e  s t u d y  does n o t  p rov ide  any d i s -  
c u s s i o n  o f  c h o i c e s  of  parameters o r  weighing o f  a l t e r n a t i v e s ,  
t h e r e b y  l i m i t i n g  t h e  u s e f u l n e s s  o f  t h e  r e s u l t s .  

The I I T R I  s t u d y  focussed  b r i e f l y  on t h e  major areas 
of a t t e n t i o n ,  which are s c i e n t i f i c  e x p l o r a t i o n  o b j e c t i v e s ,  
measurement d e f i n i t i o n s ,  imaging s e n s o r  s y s t e m s ,  and o r b i t a l  
c o n s t r a i n t s ,  which a l l  a f f e c t  t h e  exper iment  s u p p o r t  r e q u i r e -  
ments. Then i t  moved on t o  d i s c u s s  one sample exper iment ,  
r e g i o n a l  s u r f a c e  topography s t u d y  on Mars by radar imaging. 

T h i s  p a p e r  w i l l  b r i e f l y  h i g h l i g h t  t h e  major  areas 
of i n t e r e s t  i n  t h e  s t u d y .  It i s  concluded tha t  t h e  l i m i t a t i o n s  
of t h e  I I T R I  s t u d y  are too s e v e r e  t o  make t h e  work ve ry  u s e f u l .  
S u g g e s t i o n s  f o r  m o d i f i c a t i o n s  a r e  g i v e n  i n  t h e  summary. 

SCIENTIFIC EXPLORATION OBJECTIVES 

The s t u d y  s tar ts  o u t  w i t h  major  s c i e n c e  q u e s t i o n s ,  
c a l l e d  g o a l s ,  which are expanded i n t o  subgoa l s ,  a s p e c t s ,  
o b j e c t i v e s ,  and f i n a l l y ,  a t t r i b u t e s .  The a t t r i b u t e s  have been  
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ana lyzed  t o  de t e rmine  t h e  a p p l i c a b i l i t y  o f  imaging t e c h n i q u e s ,  
and r e l e v a n t  c h a r a c t e r i s t i c s  are compiled i n  a t t r i b u t e  data 
sheets.  

A f t e r  d e f i n i n g  measurement s p e c i f i c a t i o n s ,  worth 
cu rves  are e s t a b l i s h e d ,  which r e l a t e  measurement s p e c i f i c a t i o n s  
t o  measurement achievement .  Thus, s c i e n t i f i c  expe r imen t s  
a s s o c i a t e d  w i t h  t h e  a t t r i b u t e s  are i d e n t i f i e d .  A s  shown i n  
F i g u r e  1, a t o t a l  o f  4 0 1  exper iments  are i d e n t i f i e d  f o r  t h e  
f o u r  p l a n e t s  and t h e  moon, which are r e l a t e d  t o  23  a t t r i b u t e s .  

T h i s  w r i t e r  f e e l s  t h a t  a t t r i b u t e s  such  as hydrocarbons ,  
b iochemica l  sys tems,  l i f e ,  and o t h e r s  which a r e  p r e s e n t l y  n o t  
known t o  e x i s t  on t h e  p l a n e t s  cannot  r e a d i l y  be i n v e s t i g a t e d  
by imaging s y s t e m s .  Ra the r  t h e y  shou ld  b e  a t t a c k e d  b y  
r a d i o m e t r y ,  which a l l o w s  s p e c t r a l  s c a n n i n g  r a t h e r  t h a n  s p a t i a l  
s cann ing  and which has a s p e c t r a l  s e n s i t i v i t y  s u p e r i o r  to 
imaging sys tems.  After the  e x i s t e n c e  and c o n c e n t r a t i o n  of  
p r e v i o u s l y  unknown s p e c i e s  a r e  e s t a b l i s h e d ,  t h e i r  d i s t r i b u t i o n  
may b e  mapped by imaging s y s t e m s .  The same approach i s  p r e s e n t l y  
b e i n g  used  on E a r t h ,  f o r  example i n  t h e  1-3 micron I R  s t u d y  o f  
r o c k  composi t ion  and v e g e t a t i o n .  

ME AS UREMENT DEFINITION 

Measurement s p e c i f i c a t i o n s  have been d e f i n e d  by 
o p e r a t i o n a l  and n a t u r a l  c o n d i t i o n s .  For  example,  f o u r  d i f f e r e n t  
M a r t i a n  imaging exper iments  are u s e f u l  f o r  the  s t u d y  of s u r f a c e  
topography ( t h e  sample experiment  d i s c u s s e d  be low) ,  which are 
v i s u a l ,  v i s u a l - s t e r e o ,  radar, and r a d a r  s t e r e o  imaging.  The 
s p e c t r a l  r e g i o n s  are 0.5-0 .75  microns f o r  v i s i b l e ,  1-100 cm f o r  
radar imaging. The s o l a r  e l e v a t i o n  a n g l e  i s  s e t  a t  20° f o r  
v i s u a l ,  80° f o r  v i s u a l - s t e r e o  imaging.  

The r e l a t i o n  between measurement achievement and 
measurement s p e c i f i c a t i o n s  i s  p o r t r a y e d  by "worth curves" .  
Examples shown are a p p r o p r i a t e  t o  Mar t ian  s u r f a c e  topography 
r e g a r d i n g  v i s u a l  and radar imaging, s p e c t r a l  r e g i o n s  and s o l a r  
e l e v a t i o n  a n g l e .  F u r t h e r  curves  d e p i c t  ground r e s o l u t i o n ,  
image s i z e  and c h a r a c t e r i s t i c s ,  coverage and accu racy .  

A l l  s p e c i f i c a t i o n s  a r e  a b s o l u t e  and unique ,  and no 
r a n g e s ,  p r o b a b i l i t i e s  of  v a l i d i t y ,  no r  r e f e r e n c e s  or s o u r c e s  
are g iven .  

I M A G I N G  SENSOR SYSTEMS 

Imagers sugges t ed  by measurement d e f i n i t i o n  and 
a r r a n g e d  i n  4 0 1  s c i e n c e  and 2 1 0  s c i e n c e  and e n g i n e e r i n g  e x p e r i -  
ments are:  
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. u l t r a v i o l e t  op t i ca l -mechan ica l  s c a n n e r s  and image t u b e ,  

. v i s i b l e  r e g i o n  f i l m  cameras and TV cameras ,  

. i n f r a r e d  op t i ca l -mechan ica l  s c a n n e r s ,  image t u b e s  and 
f i l m  cameras ,  

. p a s s i v e  microwave imagers ,  

. radar noncoherent  and c o h e r e n t  imagers ,  

. r a d i o ,  

. m u l t i s p e c t r a l  W - v i s i b l e - I R ,  r a d i o  and radar,  and ,  

. mul t iband  s y s t e m s .  

EXPERIMENT SUPPORT REQUIREMENTS 

Suppor t  r equ i r emen t s  of  p a r t i c u l a r  i n t e r e s t  a re  
l i s t e d ,  such as we igh t ,  volume, f i e l d  of  view, power, data 
r a t e ,  e t c .  F o r  each  imaging s e n s o r ,  a unique s e t  o f  s c a l i n g  
laws r e l a t e  measurement s p e c i f i c a t i o n s  and o r b i t  p a r a m e t e r s  
t o  t h e  s u p p o r t  r equ i r emen t s .  Many o f  t h e  s c a l i n g  laws a r e  
dependent  upon t h e  s t a t e  of  t h e  a r t .  An example i s  a n t e n n a  
d e n s i t y .  The p r o j e c t e d  d e c r e a s e  i n  an tenna  d e n s i t y  ( F i g u r e  3)  
a n t i c i p a t e s  t h e  use  o f  i n f l a t a b l e  a n t e n n a s .  

The p rocedure  f o r  e s t i m a t i n g  experiment  s u p p o r t  
r e q u i r e m e n t s  i s  as f o l l o w s :  

1. S e l e c t  t e n t a t i v e  o r b i t s  f o r  each  expe r imen t .  

2 .  Form f a m i l i e s  o f  exper iments  hav ing  s imilar  o r b i t s .  

3. S e l e c t  o r b i t  f o r  each f a m i l y .  

4 .  E v a l u a t e  measurement achievement f o r  each  expe r imen t .  

5.  Modify and r e - e v a l u a t e .  

6 .  S p e c i f y  experiment  s u p p o r t  r e q u i r e m e n t s .  

The p r i m a r y  f a c t o r s  i n f l u e n c i n g  o r b i t  s e l e c t i o n  a r e  
o r b i t  l i f e t i m e ,  p l a n e t a r y  d i s t r i b u t i o n ,  image s i z e  and o v e r l a p ,  
and s o l a r  i l l u m i n a t i o n  c o n s t r a i n t s .  
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Regional  s u r f a c e  topography of Mars i s  used  as a 
sample exper iment  i n  t h e  s t u d y .  One t o  1 0 0  cm radar w i t h  a 
1 k m  ground r e s o l u t i o n  and 1000 km image s i z e  i s  chosen.  
Table  1 summarizes parameters  which a r e  d e f i n e d  by t h e  wave- 
l e n g t h  o f  t h e  radar s e l e c t e d .  
t o  wavelength i s  shown i n  F igu re  2 .  

The r e l a t i o n  of  peak power 

The e x p o n e n t i a l  r e l a t i o n s h i p  between wavelength 
and peak power e x p r e s s e d  i n  t h e  f i g u r e  and t h e  tab le  
a p p e a r s  extreme.  Some c o n s i d e r a t i o n s  examined by 
t h e  a u t h o r  s u p p o r t  t h e  p o s s i b i l i t y  t h a t  t h e  peak power r e q u i r e -  
ments f o r  Mar t i an  radar imagery may va ry  by s e v e r a l  o r d e r s  of 
magni tude between 1 0  and 1 cm wavelength ,  b u t  more l i k e l y  by  
2 o r ' 3  t h a n  by 5 o r d e r s  of  magnitude. T h i s  f o l l o w s  from 
i n f o r m a t i o n  compiled by Evans (1) on l u n a r  radar c r o s s  s e c t i o n s  
i n  t h e  1 0 0 0  t o  1 cm wavelength ran,qe and by Barret t  and S t a e l i n  
( 2 )  on a t t e n u a t i o n  of  Venusian s u r f a c e  radar. The data from b o t h  
r e f e r e n c e s  are summarized i n  F i g u r e s  4 and 5.  It shou ld  b e  p o i n t e d  
o u t  i n  t he  s t u d y  which choice  of  a tmosphe r i c  models and c r o s s  
s e c t i o n s  was made t o  a r r i v e  a t  t h e  r e l a t i o n s h i p  d e p i c t e d  i n  
F i g u r e  2.  

SUMMARY 

The s t u d y  makes an i n t e r e s t i n g  a t t e m p t  t o  a n a l y z e  
t h e  complex matter o f  s c i e n t i f i c  e x p l o r a t i o n  o f  p l a n e t s .  
Apparent ly ,  i t  was i n t e n d e d  t o  go no f u r t h e r  t h a n  t o  l a y  ou t  
a l l  p o s s i b l e  f a c e t s  of  imaging technology wi thou t  c o n s i d e r i n g  
how bes t  t o  s y n t h e s i z e  t he  i n f o r m a t i o n  i n t o  mis s ion  p l a n s .  
T h i s  has been done w e l l .  However,  an  a n a l y s i s  o f  s c i e n t i f i c  
a s p e c t s  of p l a n e t a r y  o r b i t a l  s t u d y  i s  b e l i e v e d  t o  be  s i g n i f i -  
c a n t  o n l y  i f  a comple te ly  r e f e r e n c e d  d i s c u s s i o n  of  s c i e n t i f i c  
p o s s i b i l i t i e s  i s  g iven .  
t o  e v a l u a t e  t h e  s i g n i f i c a n c e  o f  every  s c i e n t i f i c  parameter, such  
as peak power a t  1 cm wavelength.  Without s o l i d  backup, a s t u d y  as 
conducted by ITTRI i s  b e l i e v e d  t o  b e  o f  l i t t l e  v a l u e  t o  NASA 
because  i t  makes ve ry  compl ica ted  q u e s t i o n s  look m i s l e a d i n g l y  
s i m p l e .  

Any reader must be p u t  i n  t h e  p o s i t i o n  

It i s  s u g g e s t e d  t h a t  t h e  scope  o f  t h e  s t u d y  be widened 
t o  i n c l u d e  nonimaging s y s t e m s  ( r a d i o m e t e r s - s p e c t r o m e t e r s )  and t o  
i n c l u d e  a r ea l i s t i c  s y n t h e s i s  i n t o  f l y a b l e  m i s s i o n  pay loads  f o r  
the  1975-1995 t i m e  p e r i o d .  

1 0 1 4 - B E S - l l f  B .  E .  Sadels 

At tachments  
Refe rences  
T a b l e  1 
F i g u r e s  1-5 
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TABLE I 

P l a n e t a r y  S u r f a c e  Radar S p e c i f i c a t i o n s  

According t o  I I T R I  Study 

Wavelength 1 0  cm 1 cm 0 . 1  cm 

a n t e n n a  l e n g t h  ( f t )  800 80 8 

an tenna  weight  ( l b s )  400 40  40 

peak power ( K W )  3 >10 

ave rage  power ( K W )  2 .5  > 1 0 5  

5 power supp ly  volume 
( c u .  f t )  0 . 5  >10 

4 power supp ly  weight  
( 1 b s )  20 >loo >10 

radar volume (cu .  f t )  50 1 5  lo4 

radar weight ( l b s )  500 200  >105 



FIGURE I - S C I E N T I F I C  IMAGING EXPERIMENTS 
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ii 
F I G U R E  4 - THE PUBLISHED VALUES FOR THE CROSS SECTION OF THE MOON 

AS A FUNCTION OF WAVELENGTH. THESE VALUES ARE EXPRESSED 
AS A PERCENTAGE OF THE TOTAL PROJECTED AREA ( m2) 
OF THE MOON. (EVANS, REF. I )  

surface Reanm, Wavelength 
or Prime 3cm 12cm 

Conaituent attenuation attenuation 
Model WlP (db) (db) Model No. 

300 atm 3.0 0.19 
loo0 stm 33 2.1 
100 atm 0.58 0.04 
300 atm 5.2 0.32 
10 g/m' 1.6 4.05 
100 g/m' , 16 0.40 
10 g/m' 0.05 - 
100 g/m8 0.50 - 
10 g/m' 0.07 - 
100 g/m' 0.75 - 
1.0 g/m8 6.1 1.55 
K - 1.84 x 10- 0.34 0.02 
K - 6.65 x lo+ 0.97 0.06 

0.1 g/m8 0.61 0.15 

2 atm 5.1 0.32 
m atm 330 m.6 

F I G U R E  5 - VALUES OF ONE-WAY ATTENUATION A T  WAVELENGTHS OF 3 CM AND 
12 CM FOR TRANSMISSION THROUGH THE ATMOSPHERE OF VENUS 
FOR VARIOUS MODELS (AFTER BARRETT AND STAELIN,  1964) 



BELLCOMM, INC. 

Subject: Second Quarterly Review of "Study From: B. E. Sabels 
of Planetary Orbital Imaging Sensor 
Support Requirements," Contract 
Number NAS-2-4494, IITRI, Chicago, 
Illinois - Case 710 

Distribution List 

NASA Headquarters 

Messrs. W. 0. Armstrong/MTX 
C. D. Centers/SAR 
P. E. Culbertson/MLA 
F. P. Dixon/MTY 
T. E. George/SAB 
P. Grosz/MTL 
E. W. Hall/MTS 
L. Jaffe/SA 
T. A. Keegan/MA-2 
D. R. Lord/MTD 
B. G. Noblitt/MTY 
R. Porter/SAR 
L. Roberts/OART-M (2) 
A. D. Schnyer/MTV 
R. A. Summers/MTY 
M. Tepper/SAD 
M. G. Waugh/MTP 
J. W. Wild/MTE 

Manned SDacecraft Center 

Messrs. J. Dornbach/TH3 
D. Evans/TG3 
W. N. Hess/TA 
R. 0. Piland/TA 

Bellcomm, Inc. 

Messrs. F. G. Allen 
G. M. Anderson 
A. P. Boysen, Jr. 
D. A. Chisholm 
D. A. DeGraaf 
J. P. Downs 
W. W. Elam 
D. R. Hagner 
P. L. Havenstein 
N. W. Hinners 
B. T. Howard 
D. B. James 
J. Kranton 
K. E. Martersteck 
R. K. McFarland 
J. Z. Menard 
G. T. Orrok 
I. M. Ross 
F. N. Schmidt 
J. W. Timko 
J. M. Tschirgi 
R. L. Wagner 
J. E. Waldo 

I 

1 
All Members Division 101 
Department 1023 
Central File 
Library 

Ames Research Center 

Mr. P. R. Swan 


